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Abstract 
During the cement solidification treatment of dredged material (DM) for planting use, the pH value of treated DM 
may be too high and impair plants growing. To lower the pH value, methods of breaking solidified DM, adding 
gypsum and rice straw powder (RSP) were studied, respectively. Test results show, after breaking solidified DM, the 
pH value can be reduced at the first two weeks, but the value still higher than 9.0. By adding gypsum, the pH value 
downs quickly before 5% the content of cement, when gypsum content higher than 30%, the pH value can be 
controlled under 9.0. After adding RSP, the pH value decrease with RSP content and curing time, when the RSP 
content higher than 5%, the pH value can be lower than 9.0 in one month. The mechanism for gypsum lower the pH 
value may be for the acidity property and reaction with calcium hydroxide which form ettringite. The mechanism for 
RSW action is for the acidic matter releases from organic carbon decomposition. 
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Introduction 
Dredging is necessary to rehabilitate polluted water environment and restoration aquatic ecosystem. In 
China over 100 million m3 sediment were dredged out and partly confined in disposal facilities upland. 
DMs contain much water and pollutants, upland disposal may occupy many land resources and potentially 
threaten the soil and aquatic environment safety vicinity [1, 2].  
Solidification method had been widely used in China to convert the semi-solid wastes into monolithic 
solids for road subbase, dike construction and other earthwork construction material [3, 4]. The 
solidification agents are mainly cement, lime, fly ash and other pozzolanic materials, the reactions involve 
hydration of the cement and pozzolanic reactions of the clay minerals in the soil [5]. The major hydrates 
formed are calcium silicate hydrate (CSH), calcium aluminate hydrate (CAH) and hydrated lime. The 
reactions take place in a high alkaline circumstance which leads to a high pH value (pH value>10.0). In 
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some projects, treated DMs are needed to restore vegetation, but the high pH value is not suitable for plant 
growth. So this study aims to decrease the pH value of cement solidified DM by methods of breaking 
solidified DM blocks, adding gypsum and rice straw powder (RSP) during solidification, respectively. 
Materials and Methods 
Materials. The DM was taken from Gonghu bay of Taihu Lake near Wuxi City in China, the sediment was 
dredged at 2007 by cutter-suction dredger, then filled into the ponds along the lake dike, after one year the 
in-situ water content reaches 65.8%, the pH value 7.22, the organic matter content 3.2%. Grain size data 
indicate that the soil is 10% sand, 71% silt and 19% clay. The average bulk unit weight is 15.8 kN/m3. XRD 
analysis of the soil reveals that kaolinite, illite, and montmorillonite are the predominant clay minerals. 
Type I Ordinary Portland cement (OPC) was used as the cementing agent. 
Phosphogypsum produced in wet phosphoric acid production process was used as pH decrease additive. 
The main content of phosphogypsum is CaSO4 •2H2O, the pH value is 3.6. 
The rice straw powder used was dried at 60ć firstly, then pulverized and go through 2mm sieve. 
Chemical composition analysis of the RSP show the lignin content 128.5mg/g, the cellulose content 
283.4mg/g, the semi-cellulose content 228.4mg/g, the crude protein content 43.9mg/g, the water- soluble 
substance content 69.9mg/g, and the benzyl alcohol dissolved substances content 1.2mg/g. 
Methods. The DM and cement were mixed thoroughly inside a vertical shaft motar mixer to achieve 
uniform mixing. For a unit volume of DM, four different cement contents, 25, 37.5, 50 and 75 kg/m3 were 
used. For each cement mix ratio, one m3 mixture was prepared and placed in a test pit sealed with plastic 
sheet and cured in natural circumstance. After curing the mixtures for 7, 14, 28 and 56 days, the pH values 
of the mixtures were tested by a portable pH meter.  
For the cement content of 50kg/m3, phosphogypsum content with 5%, 10%, 20% and 30%  the amount 
of cement content were added into the solidified DM at the first mixing, then the pH was tested after curing 
for 28 days. 
For the solidified DM curing for 28 days, 1%, 3%, 5% and 8% RSP were mixed with it and sealed at 
plastic bag, after curing for another 60 days, the pH values were tested. 
The procedures for pH test were dry the soil in air and pass through 2 mm sieve after crushing, then 
place 10.0 g into a 50 ml beaker, next 25 ml distilled water (remove CO2) was added. After this it was 
stirred with a glass rod for 2 to 3 min to disperse the soil particles completely. Finally, the pH was tested in 
the supernatant fluid after statically stay for 2 hours. 
Results and Analysis 
PH value variation during cement solidification. Figure 1 shows the pH value of solidified DM increase 
rapidly with the increasing of cement content. The pH values of solidified DM mostly above 9.5 when the 
cement content added more than 25 kg/m3. Also, the figure shows the pH value increase with curing time, 
which indicates that with the cement hydration reactions taken place, more and more alkalinity substance 
were formed. When the cement content reach 50 kg/m3, the pH values ranging from 9.63 to 11, which is not 
suitable for plants growth. So the pH value of solidified DM needs to be reduced. 
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Figure1. Effect of cement content on the pH value 
PH value variation after breaking.Figure 2 shows the pH value can decrease with time after breaking 
solidified DM into little block. This result probably dues to the breaking action may accelerate the contact 
of solidified DM with air; the unreacted hydrated lime may react with CO2 to form calcium carbonate 
which reduce the pH value. The reaction takes fast at the first two weeks and then reaches a steady value. 
The pH values of broken solidified DM still higher than 9.0 which may affect the growth of plants. 
Gypsum effect on the pH value. Figure 3 is the change of pH value with gypsum content; it reveals pH 
decreases after adding gypsum. When gypsum content less than 5%, the pH value decrease fast. One 
possible reason for gypsum effect on pH value may be attributed to the acidic matters in the gypsum which 
can balance the alkalinity, the other may be gypsum can react with calcium aluminate to form crystallized 
ettringite which decreased the alkalinity. When the gypsum content reaches 30%, the pH values lower than 
9.0. 
 
 
 
 
 
  
 
 
 
   
 
Rice straw powder effect on the pH value. In order to decrease the pH value of solidified DM, RSP was 
mixed with broken solidified blocks after 28 days, the change of pH with RSP content shown in Figure 4. 
The figure reveals that with the increase of RSP content, the pH values of broken solidified DM were 
reduced, and when RSP content lower than 1%, it has more influence on the pH value. When the RSW 
content reaches at 3%, the pH value can be reduced to below 9.0 after 28 days. Figure 5 indicates the pH 
also decrease with the time after RSP adding. The first month have much influence on the pH either. This 
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Figure3 Effect of gypsum content on the pH value  Figure2. Effect of time after breaking on the pH value  
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phenomena can be explained by the discovery of  Zhu et.al [9], they found the decomposition of rice straw 
can produce phenolic acids, the maximum amount of phenolic acids occurs at the time of 20-30 days, so the 
phenolic acids may counteract the alkalinity of solidified DM. 
 
 
 
 
 
 
 
 
 
 
 
                                        
 
Figure4 Effect of RSP content on the pH value   
In order to disclose the mechanism of RSP effect on the pH, dissolved organic carbon (DOC) content 
and pH were tested to indicate the change of acidic matter in the decompose of RSP. Figure 6 is the 
relationship between DOC, pH value and curing time after RSP mixed with solidified DM, it shows the 
DOC increase while pH decrease with curing time. DOC comes from the decompose of organic carbon into 
CO2, organic acid, inorganic acid which will counteract the alkalinity and decrease the pH value [6-8]. 
 
Figure 6. Change of DOC and pH with curing time of solidified DM admixed with RSP 
Summary 
(1) The pH increase rapidly with cement content and curing time and the pH value surpass 9.0; it is unfit for 
planting use. 
(2) After breaking the solidified DM blocks, the pH value may be lowered by the reaction of CO2 with 
hydrated lime, but still higher than 9.0. 
(3) Through adding gypsum, the pH of solidified DM can be reduced to less than 9.0, but the gypsum 
amount may overtake 20% the content of cement. 
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Figure 5 Effect of time after RSP adding on the pH value 
2618   Wei JIN et al. /  Procedia Environmental Sciences  10 ( 2011 )  2614 – 2618 
(4) The pH value can be reduced to less than 9.0 by mixing RSP with the broken solidified DM; the 
cause may be attributed to the phenolic acids produced by the decomposition of organic matters which can 
counteract the alkalinity. 
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